Electrocardiographic imaging: I. Effect of torso inhomogeneities on body surface electrocardiographic potentials.
Body surface potential maps (BSPMs) and conventional ECG reflect electrical sources generated by cardiac excitation and repolarization and noninvasively provide important diagnostic information about the electrical state of the heart. Because the heart is located within the torso volume conductor, body surface potentials also reflect the effects of torso inhomogeneities, which include blood, lungs, bone, muscle, fat, and fluid. It is necessary to characterize and understand these effects in order to interpret BSPM and ECG in terms of cardiac activity without "contamination" from the inhomogeneous volume conductor. Actual measured epicardial and body surface potentials were obtained during normal sinus rhythm and for different pacing protocols from a Langendorff-perfused dog heart suspended in a human-shaped torso tank. Accurate geometry of the torso inhomogeneities was digitized from the Visual Human Project and appropriately introduced into a computer model of the tank setup. The geometry and electrical properties of the volume conductor could be varied. Both homogeneous and inhomogeneous torsos have major smoothing effects on BSPM, which is of very low resolution compared with its corresponding epicardial potential pattern. Relative to a homogeneous torso, the inhomogeneities have only a minor effect on BSPM patterns. They augment potential magnitudes depending on the pattern of epicardial activation. Variations of geometry and electrical properties within the normal physiologic range have minimal effects. Effects of torso inhomogeneities on 12-lead ECGs are minimal, and the associated ECG changes fall within the range of normal interindividual variations.